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NOVELTY Lubricated hard disk is produced by coating a substrate with an underlayer of magnetic media; 
depositing a protecting coating onto underlayer; and depositing lubricating layer onto the protective coating. 
The processes are carried out under vacuum. 

DETAILED DESCRIPTION INDEPENDENT CLAIMS are also included for the following: 

(A) an apparatus to make lubricated hard disk; and 

(B) a lubricated disk for hard disk applications. 

USE For the manufacture of lubricated hard disk for computer memory. 

ADVANTAGE The process permits continuous serial feed and manufacturing technique is simplified. 
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Vacuum deposition of the lubricant material forms a uniform surface layer. The process and apparatus allow 
coating the disk with lubricant using evaporative processes at a rapid speed of 550-1000 disk/h. 

pp; 29 DwgNo 0/8 

Technology Focus: 

TECHNOLOGY FOCUS - IMAGING AND COMMUNICATION - Preferred Process: The lubricating 
layer is coated into the protective coating using lubricant evaporation. The carbon layer is deposited by 
sputtering or chemical vapor deposition. 

ORGANIC CHEMISTRY - Preferred Material: The protective coating a carbon layer. 

INORGANIC CHEMISTRY - Preferred Materials: The protective layer is silicon nitride layer. The 
substrate is aluminum. The lubricating layer comprises a vapor deposited lubricant. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the manufacture approach of a smooth hard disk — it is — Process which carries out the coat of the 
substrate layer of magnetic media on a substrate in a vacuum the process which carries out the coat of the 
protective layer on said substrate layer while maintaining said substrate layer in said vacuum ~ and — the 
process which carries out the coat of the lubricating layer on said protective layer while maintaining said 
protective layer in said vacuum ~ since ~ the approach of changing. 

[Claim 2] The approach of claim 1 by which a coat is carried out on said protective layer when said 
lubricating layer makes lubricant vapor-deposit. 

[Claim 3] The approach of claim 1 that said protective layer is a carbon layer. 
[Claim 4] The approach of claim 1 that said protective layer is silicon nitride. 
[Claim 5] A carbon layer is the approach of claim 3 to which it adheres by sputtering. 
[Claim 6] A carbon layer is the approach of claim 3 to which CVD adheres. 

[Claim 7] The approach of claim 1 that said substrate consists of aluminum and said lubricating layer 
consists of vapor-deposited lubricant. 

[Claim 8] the equipment which manufactures a smooth hard disk — it is — the adhesion equipment facility 
which carries out the coat of the substrate barrier layer to a support disk, and adheres a protective layer to it 
on it in a vacuum - and - the equipment which adheres a thin uniform lubricating layer on said protective 
layer continuously in a vacua - since ~ equipment which changes. 

[Claim 9] Equipment of claim 8 to which said thin lubricating layer to which it adheres on said protective 
layer uses a non-diluted ingredient, and it adheres at a vacuum deposition station. 

[Claim 10] In order that said equipment which adheres a thin uniform lubricating layer may make each ** of 
a means and a disk which moves the cassette which held outside the disk which has the protective layer of 
carbon to a vacuum lubricant impregnation station vapor-deposit lubricant uniformly Equipment of claim 8 
which includes the means which lowers a disk to a cassette in order to move a disk to a cassette from the 
means which raises a disk from a cassette to the processing section containing lubricant vacuum 
evaporationo equipment at said station, and this equipment. 

[Claim 1 1] Equipment of claim 10 which passes the diffusion plate with which the lubricant which 
evaporated is arranged at each ** of said disk located in said processing chamber. 
[Claim 12] A diffusion plate has the pattern of a hole and claim 1 1 in which said disk adheres to the 
lubricant which passes the pattern of this hole uniformly certainly equips it. 

[Claim 13] Claim 8 including the sputtering system facility to which magnetic media is made to adhere as 
said substrate barrier layer, the sputtering system facility to which a carbon protective layer is made to 
adhere on said magnetic media, and the vacuum deposition station which makes a thin uniform lubricating 
layer adhere on said protective layer after that equips said equipment which carries out the coat of the 
substrate barrier layer to a support disk, and adheres a protective layer to it on it in a vacuum. 
[Claim 14] Claim 8 including the sputtering system facility to which optical media are made to adhere as 
said substrate barrier layer, the sputtering system facility to which a carbon protective layer is made to 
adhere on said optical media, and the vacuum deposition station which makes a thin uniform lubricating 
layer adhere on said protective layer after that equips said equipment which carries out the coat of the 
substrate barrier layer to a support disk, and adheres a protective layer to it on it in a vacuum. 
[Claim 15] Lubricant is the approach of claim 2 vapor-deposited at the moment on said protective layer. 
[Claim 16] It is a smooth disk for applying to a hard disk. Support base, The protective layer on the data 
media layer on the front face of said support base to which it adhered in the vacuum, and said data media 
layer to which it adhered on it in the vacuum, a ****** disk - and ~ the lubricating layer by which it was 
vapor-deposited on the front face of the protective layer to which it adhered on said protective layer since 

http://ww4.ipdlncipi.goj 4/19/2005 



THIS PAGE BLANK 



II IS"*"" 



JP,2002-523852,A [CLAIMS] 



Page 2 of 2 



- changing - Disk with which a disk is not exposed to atmospheric air before adhesion of a lubricating 
layer. 

[Claim 17] Data media are disks of claim 16 which consist of an ingredient of a magnetic layer. 
[Claim 1 8] A protective layer is a disk of claim 16 which consists of a layer of silicon nitride. 
[Claim 19] Equipment of claim 10 by which the sticking rate of the lubricant to a disk top is measured 
uniformly, and is controlled through the feedback loop. 

[Claim 20] Equipment of claim 19 which controls a sticking rate by the equipment within the feedback loop 
measuring adhesion by the lubricant impregnation chamber, and controlling the heat applied to vacuum 
evaporationo equipment. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

Field of invention This invention maintains the front face in early stages of a magnetic disk, an optical disk, 
and/or a magnetic optical disk, makes uniform and thin lubricating film adhere on such an early front face, 
and relates to the equipment and the approach for minimizing friction or "stiction (stiction)." Moreover, it is 
related with the amelioration disk which has amelioration lubricating film over the front face. 
[0002] 

Background of invention The "hardware" disk which consists of a layer which consists of various 
ingredients containing the ingredient of magnetism or photoreaction nature, and a layer which consists of an 
ingredient which protects a barrier layer from corrosion or a mechanical damage is being used for the 
computer store of some types in common on aluminum, glass, plastics, the base like a ceramic, or a substrate 
ingredient. Such a magnetic disk, an optical disk, or a magnetic optical disk is also called media. An 
example of such media is the magnetic disk used by the hard disk drive. 
[0003] 

In typical application, the thin aluminum disk which performed mirror plane processing or texture 
processing is used as a substrate. By vacuum sputtering, it adheres to various thin films on this substrate. 
Typically, a substrate layer with a thickness of 200- 1000 A is adhered first, next a magnetic layer with a 
thickness of 100-600A is adhered on this substrate layer, and a thin protective layer is adhered on this 
magnetic layer. This protection layer thickness is 50- 150 A typically. 
[0004] 

A carbon layer achieves some important functions. It protects a magnetic layer from the corrosion damage 
by the steam or other atmospheric pollutants. Moreover, a magnetic layer is protected from the mechanical 
damage which may be generated by contact on read-out / write-in magnetic head, and a disk. Usually "it is 
floating" at the place which approached the disk front face very much. However, when there is no drive in 
an operating state, the head is standing it still on a disk, or can contact a disk according to the impact at the 
time of drive actuation, vibration, or a functional bad condition. In order to obtain the maximum magnetic 
signal strength, a head is made to approach a magnetic layer as much as possible. "Making it float" is 
desirable. Spacing below 1 microinch (250A) is typical in the latest drive. Thus, near spacing makes a head 
and a disk contact comparatively frequently, and may be called half-contact record. When frictional force is 
large, such contact can destroy a part of disk front face. 
[0005] 

Both a disk front face and a head have a comparatively flat and smooth front face. Consequently, when these 
are in a contact condition, substantial friction is among these. This has it, especially while the head is 
standing it still between some time amount on a disk. [ remarkable ] In this case, even if friction at the time 
of initiation between a head and a disk or "stiction (stiction)" cannot demonstrate only the force in which a 
motor tends to make it start disk rotation and is able to rotate a disk, it may be so large that the carbon 
protective layer of a disk is damaged in this process. 
[0006] 

In order to make these problems into the minimum, a disk manufacturer applies typically the thin film (10- 
15 A) which consists of lubricant over a upside carbon coat top. The lubricant application approach used in 
common is indicated by U.S. Pat. No. 5232503, and it is as follows. 
[0007] 

1. After a upside carbon coat is applied by the vacuum sputtering system, a disk is carried in in a cassette. 
This cassette holds such 25 disks typically. A cassette is taken out from a vacuum system to atmospheric air. 
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[0008] 

1. Next, a cassette is sent to a lubrication system, and typically, a disk is collectively removed from a 
cassette and is taken down here in the tank which holds the mixture of lubricant and a solvent. Next, this 
mixture is discharged from a tank in the controlled way so that the uniform thin coat of lubricant may 
remain on a disk. 

[0009] 

2. The disk which carried out the coat to lubricant is returned to a cassette, and it is sent in order to take 
other processings and/or trials. 

[0010] 

Very in addition to being uniform (less than 2A), a lubricating layer must satisfy many requirements very 
thinly (10-1 5A). Naturally it must be smooth to extent which can reduce friction between a head and a disk, 
and stiction (stiction). Moreover, it must prevent evaporation, must resist the centrifugal force by rotation of 
a disk (to lOOOOrpm), must leave a proper place it widely, and it must fully combine it with a carbon layer 
so that it may not jump out by rotation. It must be able to flow so that the re-coat of the field of the disk in 
which lubricant has carried out the location gap by contact on a head can be carried out to coincidence. 
[0011] 

Naturally, it is difficult to attain moderate balance between stability and migratory, and it necessary to pay 
attention to control of the property of lubricant, and the processing which applies this. Here, it adheres, the 
front face of the fresh carbon to build is reactivity, and since it will begin to be polluted shortly after being 
exposed to atmospheric air, difficulty arises. Since a lubrication processing system treats a disk at a package 
ceremony, this will change the time amount of such exposure. Its contamination front face is not uniform, 
and when lubricant (designed so that it may combine with a front face) exposes the disk to atmospheric air, 
it becomes less uniform from surface contamination increasing. Such contamination makes control 
maintenance of a lubricating treatment difficult, and affects the dependability of a disk drive. Moreover, in 
order to think that the solvent which is used for a gravity lubricating treatment and exists is the air pollution 
matter and to make discharge of a solvent into the minimum, it is necessary to assemble this lubrication 
system with an elaborate and expensive means. 
[0012] 

Although an optical disk and a magnetic optical disk are not the same structures as an ordinary magnetic 
hard disk, they float a head at the place very near a disk front face, and have the property of producing 
contact of a head and a disk. In order to make potential damage over both a head and a disk into the 
minimum, a upside lubricating layer is frequently used on such a disk that has the same problem of 
processing and environmental control. 
[0013] 

A disk performs supply and processing to a sheet-fed type, and is manufactured with a suitable speed. Most 
latest disk lubricating treatments are processed by the package type. Although the manufacture process 
which combined processing of a sheet-fed type and a package type is possible, it complicates disk 
manufacture. This invention enables supply of a sheet-fed type continuously so that it may simplify a 
manufacturing technology. 
[0014] 

Outline of invention In one mode of this invention, this invention contains the amelioration disk which was 
made according to the new approach of this invention and which has the lubricant combined with the front 
face. 
[0015] 

In other modes, the new method of manufacturing the magnetic disk containing surface lubricant is 
indicated. In order to manufacture a protection enveloping layer on the magnetic substrate layer of a disk 
especially, it is understood that the carbon made to adhere in a vacuum is high reactivity. Moreover, when 
such a front face is exposed to a surrounding condition, it is also understood that the reaction produced in 
deposit carbon pollutes this front face. This affects the quality which a front face is expected. The new 
equipment which processes [ third ] a disk according to this invention is indicated. 
[0016] 

It is understood by making a lubricant ingredient adhere on this reactant protective layer before that 
contamination by being exposed to atmospheric air that association of the lubricant to a reactant carbon coat 
is manufactured on a carbon coat. Also in which event, the carbon coat which is not polluted with the 
freshness to which lubricant just adhered is pasted uniformly more firmly, and it is sure that it does not 
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evaporate immediately. In case the approach of this invention is enforced, vacuum adhesion of the lubricant 
ingredient is carried out on a support front face, without breaking the vacuum which is used without diluting 
and is used during adhesion of a protective layer. Thus, it turned out that the lubricant to which it adheres 
forms the uniform surface layer combined suitably for the support base, and carries out self-repair of 
damage or the degradation field. 
[0017] 

If the technique and equipment of this invention are used, it is possible to make a disk carry out the coat of 
the lubricant in 1 hour by high-speed vacuum evaporationo processing of the disk of about 550-1000 or 
more sheets so that a disk lubricating treatment may agree at the conventional film adhesion process and all 
product throughputs may be maintained only by down stream processing of a sheet-fed type. 
[0018] 

Detailed description Only the one half of a magnetic-disk 10 top is shown in drawing 1 . It should be 
understood that it is what is used in order to carry out a coat to both sides of the base 1 1 where a magnetic 
hard disk consists of aluminum or other ingredients and to memorize data on each side. However, only one 
disk side is shown in drawing JL . It may be used in manufacture of the disk used for a pocket type or laptop- 
type computer, replacing an ingredient [ light and/or rigidity / aluminum ] with the aluminum base. 
[0019] 

Furthermore, although the coat method of a suitable disk is explained, he can use various coat methods, it 
should be understood that selection of a coat layer and its thickness is dependent on an equipment facility, 
and a disk should be used like the function in such an equipment facility. As especially shown in drawing 1 , 
the chromium layer 12 is formed on the substrate layer 1 1 . In the suitable example of illustration, the 
thickness of the chromium layer 12 is about 300-500 A. Such thickness is typical in manufacture of the hard 
disk used for a computer. At the computer and other peculiar manufactures of the special purpose, the coat 
of the substrate may be further carried out by other ingredients and different thickness. On the chromium 
upper part, it adheres to a magnetic layer 13. This may be for example, a cobalt alloy layer. The thickness of 
this layer is about 250A - about 1000 A typically. On this layer, it adheres to the carbon coat layer 15 which 
consists of a layer with a thickness of about 20A - about 150 A further. The lubricating layer 16 with a 
thickness of about 15A is also typically shown in this drawing, and, generally this layer 16 is in the range of 
about 5 - 20A of abbreviation. 
[0020] 

A head 17 is in the place distant from the disk. This may be typical read-out/write head used as a computer 
disk drive. In such a case, if a system is in a quiescent state, generally a head will stand it still directly on the 
front face of a disk 10. However, like [ when the disk is rotating ], while the head 17 is floating, spacing of 
about 1 microinch or about 254A is typically opened from the front face of a disk 10. 
[0021] 

Like illustration, a part of magnetic disk can be manufactured with the equipment facility which is sold in 
INTE Back, Incorporated (address: California Santa Clara). This equipment facility is a match mostly at the 
equipment facility which is sold as "MDP 250 B Magnetic Disk Coater", and is indicated by U.S. Pat. No. 
5215420. This type of machine is used by the known disk manufacturer in the worlds, such as Seagate and 
HMT. 
[0022] 

Next, drawing 2 is referred to. The equipment 20 which may be used for drawing 2 like the manufacture 
coat equipment used for a functional lubrication coat is shown. The sign 21 by the side of drawing 
Nakagami is a disk coat system for adhering various bases or a substrate layer, and a magnetic layer. This 
may consist of the same equipment facilities used for an equipment facility or the same purpose which is 
indicated by U.S. Pat. No. 5215420. The sign 22 by the side of drawing Nakashita is the disk lubricant 
impregnation section. The disk lubricant impregnation section is shown in a detail at drawing 3 . (The same 
element is shown by the same sign.) These [ of manufacture lubricant impregnation adhesion and lubricant 
coat equipment ] two main configuration sections are connected through the transportation lock 35. The disk 
coat system 21 which has each station 30 which met the central chamber is under a vacuum, and a central 
chamber has the independent airtight system so that a vacua can be controlled by each station in 
independent. This allows migration of the goods which should be processed around the central chamber 
under a vacuum environment, and transportation of such goods to one or the processing station beyond it. At 
a processing station, a vacua is also required, for example for sputtering adhesion. 
[0023] 

There are 12 processing chambers 30 in an equipment facility of drawing 2 . The goods which process 
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goods separately and change with chambers controlled independently in a processing chamber which is 

different in coincidence by different processing chamber can be processed. 

[0024] 

In the usual actuation, the cassette of a blank or a substrate is inserted in equipment through the inlet-port 
gate 25 shown in the lower left side in drawing. Next, a cassette moves through a load lock 26 and the 
postload lock gate 27. With the buffer lock 23 of a coat system, goods or a disk substrate is taken down from 
a cassette to a lift blade in order to process by conveying a substrate in equipment so that it may be indicated 
by U.S. Pat. No. 5215420. A lift blade supplies a disk to the chamber 21 which makes the principal part, and 
supplies it in the processing chamber 30 which performs processing from the chamber which makes this 
principal part. Then, the adhesion process and other down stream processing of a number of arbitration are 
contained in processing, sputtering of the chromium layer is carried out to it, goods are moved to other 
processing chambers after that, and a cobalt alloy may be arranged on on the surface of a disk. Then, 
adhesion of a carbon layer or other protective layers is performed by other processing chambers, a carbon 
layer or other protective layers adhere using the sputtering method — you may have — moreover, 
deformation —like - for example, -- pending in court - it is indicated by the United States patent 
application 09th / No. 076971 (Bluck et al.) (May 13, 1998 application) - as » CVD (chemical vapor 
deposition) - you may adhere using law. A disk is returned to the location where the blade which carried the 
disk is vacant as for the cassette in the buffer lock 23. Next, the disk in a cassette moves to the disk lubricant 
impregnation section of this equipment facility. It passes through the unload gate 3 1 first, next the unload 
lock 32 is passed. 
[0025] 

In order to make an understanding easy, the lubricant impregnation section is shown in drawing 3 . A 
cassette passes through the outlet gate 33, goes into the transportation lock 35, and enters into the vacuum 
lubricant impregnation main chamber 37 through the transportation gate 36 after that. After carrying out a 
coat to lubricant in the vacuum lubricant impregnation processing chamber 39, next returning the disk after 
lubricant impregnation in the same cassette in a vacuum lubricant impregnation chamber and passing the 
unload gate 38 and the unload lock 40 so that a disk may be pulled out out of a cassette with the lift blade 34 
and it may mention later in relation to drawing 4 , it is conveyed out of equipment through an outlet 41 . 
Here, since the lift blade 34 processes by the main chambers 21 , it may be the thing of a type which was 
used in order to pull out a disk. It passes [ in / from the main chambers 21 / the main chambers 21 ] vacuum 
lubricant impregnation chamber 39 from the processing chamber 30, and a disk is maintained under a vacua 
through the vacuum lubricant impregnation chamber 39. 
[0026] 

A disk is the vacuum lubricant impregnation chamber 39, and a coat is carried out by the thin uniform film 
which consists of lubricant with vacuum deposition. In this system, vacuum evaporationo is made on the 
fresh carbon adhered and built in a vacuum, without being exposed to atmospheric air. This is sure that it is 
very serious, when attaining processing. It is known that the carbon which was made to just adhere by 
sputtering, CVD, or other adhesion processings, and is not exposed to atmospheric air is high reactivity. If 
such a front face is exposed to atmospheric air as mentioned above, a front face will be polluted and any 
quality and uniformity of an adhesion lubricating layer will also be affected. If lubricant is vapor-deposited 
on a carbon front face before being exposed to atmospheric air, between carbon and the lubricant to which it 
adheres will be combined chemically, and this will be considered that peculiar association may be made so 
that the result attained by this invention may now be made easy. 
[0027] 

Drawing 4 shows the lubricating-treatment station 39 according to this invention. The conveyance blade 34 
lifts a disk out of a cassette by vacuum lubricant impregnation main chambers. A disk is moved to the 
lubricant vacuum evaporationo station 39, being supported with a conveyance blade. This station contains 
two evaporation plates 48 which have faced each other so that each may sandwich a disk. Each evaporation 
plate 48 has a trough 70, in order to carry the lubricant which should be vapor-deposited. The diffusion plate 
50 is located between the evaporation plate 48 and a disk 10. Each diffusion plate 50 consists of plates 
which have a hole on the whole, in order to control the adhesion uniformity of vacuum evaporationo of the 
lubricant to which it adheres on the front face of a disk 10. A disk 10 is arranged between two diffusion 
plates 50 of this vacuum evaporationo equipment like illustration. A heating block 52 is arranged at the 
tooth back of the evaporation plate 48 including the heating apparatus 51 which adjoined the heating block 
52 which vacuum evaporationo equipment becomes from copper or the same heat retaining, and a thermally 
conductive ingredient. In this example, heating apparatus and the heating apparatus clamping plate 53 are 
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wide opened by air. 
[0028] 

The adhesion thickness measurement device 57 is arranged in the upper part of this processing station. This 
consists of Xtal microbalances (QCM) (quartz crystal microbalance) (instrument known with the 
conventional technique), and by this invention, it is used in order to act as the monitor of the lubricant 
sticking rate in a vacuum. Although QCM is the suitable structure of the equipment which is explained in 
relation to the indication of this invention, and is indicated, they may be used for QCM indicated by other 
same instruments which can measure the fluid lubrication agent of the slight amount in a vacuum (0.1 AJ 
(second)) sensitively, and the configuration array, replacing with. It can be used in order that QCM may act 
as the monitor of the thickness change of the order of a monolayer, and this is a big reason for using it here. 
It has QCM of a pair and each can measure an affix from the side. Each resonance frequency of QCM is 
sensitive to mass change of the lubricant which adhered on Xtal. Change of a resonance frequency is 
1 .5Hz/A of the lubricant to which it adhered typically. The increment in the lubricant impregnation 
thickness on a crystal is proportional to the lubricant injection rate to which it adheres on a disk. 
[0029] 

It connects with the feedback loops 58 and 60, and QCM maintains the specific lubricant sticking rate in a 
lubricant processing station as shown in drawing _4 . The temperature of heating apparatus is controllable by 
this approach, in order to control a lubricant evaporation rate. Based on the change in a system, the 
uniformity of the lubricant impregnation thickness from a disk to a disk is controllable by this configuration. 
For example, the molecular weight or the physical component of a lubricant reservoir changes, and this 
makes a lubricant sticking rate usually change [ component ] with vacuum evaporationo among time amount 
among time amount. In order to maintain a fixed sticking rate, change of a lubricant sticking rate is fed back 
and temperature is changed with heating apparatus. This changes an evaporation rate and a sticking rate is 
maintained uniformly certainly. When QCM determines in deformation that desired thickness was attained, 
the further adhesion of a up to [ a disk ] can stop by closing the shield between a diffusion plate and a disk 
front face (not shown). 
[0030] 

Although suitable adhesion processing was explained, in order to make lubricant adhere, it is also possible 
to use vacuum evaporationo processing at the moment. Vacuum evaporationo has at the moment the 
advantage of preventing alternative vacuum evaporationo of the lubricant of lower molecular weight. In this 
case, the amount of measurement which changes between 12-25microg is sent to vacuous moment vacuum 
evaporationo equipment, and vacuum evaporationo is performed. This becomes the vacuum evaporationo 
thickness each ** of whose of a disk is 10-20 A. This processing allows use of the diffusion plate which 
diffuses lubricant uniformly to a disk so that a uniform layer can be adhered easily. 
[0031] 

The lubricant used for this processing is perfluoropolyether (PFPE) suitably. Such an ingredient and its 
chemical composition are indicated by U.S. Pat. No. 5776577 as lubricant for magnetic disks. The indication 
of the lubricant of this patent is incorporated here as reference. 
[0032] 

With the conventional technique, such an ingredient (1 .5g lubricant is typically used to a 11. solvent) that 
diluted lubricant to the solvent is used, make as lubricant of perfluoropolyether as [ be / they / Fomblin Z- 
fluids (trademark) (Montedison), Demnum (trademark) (Daikin), and Krytox (trademark) (Dupont) ] - an 
article left by the departed can be used. Available PFPE lubricant can have a wide range vacuum 
evaporationo pressure and molecular weight commercially. 
[0033] 

Z-DOL 2000 perfluoropolyether is used for operation of this invention in the state of no diluting. With the 
conventional technique, like known, a non-diluted fluid is distillled fractionally by supercritical fluid 
fractional distillation, before use with lubricant vacuum evaporationo equipment. This fractional distillation 
improves control of Z-DOL vacuum evaporationo processing more. Phasex Corporation applied this 
technique to purification of a Fomblin ingredient using the carbon dioxide. When Z-DOL distillled 
fractionally continues distillling a sticking rate fractionally during the vacuum evaporationo which may 
change, this can be compensated by temperature feedback using QCM, as mentioned above. Z-DOL 
lubricant is the lubricant vapor pressure of abbreviation 8xlO-4Torr, and it is controlled by the delivery 
temperature between 50 degrees C - 100 degrees C (maintained by **0.25 degrees C), and it adheres to it on 
a disk. If this evaporates from a reservoir, when the physical component of Z-DOL changes, it will keep a 
sticking rate constant. In this case, within about 3 seconds, the sticking rate which can be set is about 15A 
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lubricant, and is formed over the hard disk media front face whose uniform lubricating film (**2A) is the 
diameter of about 95mm. At this rate, a coat can be carried out to the disk of 1000 or more sheets in about 1 
hour. 
[0034] 

Other non-diluted fluids can be used. Commercially, based on the vapor pressure of available lubricant, the 
following temperature is required in order [ being various ] to maintain the sticking rate of 5A/second. That 
is, for 300 degrees C and AM3001, 170 degrees C and X-1P are [ Z-25 / 100 degrees C and Z-DOL of 150 
degrees C and AM2001 ] 50 degrees C. The temperature demanded is in the actuation limitation based on 
the upper part received from the feeder. Other lubricant may evaporate in a vacuum by giving the heat of 
vaporization between 5-100 kg-cal per one mol of lubricant. 
[0035] 

Next, drawin g 5 and 6 are referred to. Two diffusion plates are shown. These are used in order to make the 
lubricant of desired thickness adhere uniformly on a disk front face. The pattern of the symmetrical hole of 
this plate is shown in drawing .5 » and the pattern of the asymmetric hole of this plate is shown in drawing^ 
at it. When these drawings are referred to, the diffusion plate 50 consists of a metal member, and has 2 sets 
of holes. The outside hole 60 and the inside hole 61 which are shown in drawin g 5 are arranged 
symmetrically. When vacuum evaporationo is used at the moment, this type of diffusion plate operates so 
that uniform adhesion can be performed. The asymmetric diffusion plate shown in drawing 6 can move a 
disk with a fixed speed so that it may adhere lubricant uniformly on a disk front face. This asymmetric 
diffusion plate is used when migration of a disk is controlled to compensate the adhesion which is not 
uniform, while vacuum evaporationo is made in vacuum evaporationo equipment, it moves a disk up, next it 
moves below, and moves out of vacuum evaporationo equipment. A support plate is shown to d rawin g 6 by 
the sign 50, and the thing of a sign 63 and an outside is shown for an inside hole to it by the sign 62. 
[0036] 

The model of the diffusion plate for making lubricant adhere was developed. This model is based on that 
"Rev.Sci.Instrum.66 and p.3016" (1995) (D.Kuhl and RTobin) which are used for a capillary and effluent 
gas administration are indicated to be. A model is applied peculiar, in order to use an annular array hole and 
to predict the flux of the lubricant per unit area on a disk, an array like the thickness of a diffusion plate to 
the distance to a disk, the radius of an annular array hole, the aperture of a hole, and the diffusion plate for 
capillary administration - all the geometrical parameters are used like the variable used for count. If based 
on the actual data which use a diffusion plate, it is extremely in agreement with the model using the model 
of a capillary administration type. From these count, lubricant uniformity is controllable, in order to give 
extent of the arbitration of the symmetric property of the desired direction of a path. 
[0037] 

Next, drawing^ which shows the evaporation plate seen from two different directions, and 8 are referred to. 
D rawin g^ is the side elevation of an evaporation plate, and drawing 8 is the front view of an evaporation 
plate. A disk 10 is shown in drawing 7 in a vacuum evaporationo location. Lubricant may be vapor- 
deposited continuously, and if a disk goes into a chamber, it will start, and it may be vapor-deposited in the 
way controlled to stop if it separates. The lubricant which should be vapor-deposited is thrown in in the 
trough 70 which is on the transverse plane of the evaporation plate 48 before actuation in a vacuum. Each of 
five troughs (whole product: -5cm3) uses a minute pipet, and is filled in atmospheric air. The volume of this 
bulking agent should be an amount effective in carrying out the coat of the disk of 1000 per hour during 20 - 
the 30th. The diffusion plate 50 is the thing of the type shown in drawing 5 or 6 depending on the coat 
considered as a request [ how to perform a system ], and the lubricant vapor-deposited passes through a hole 
(see drawing 5 and 6), and is vapor-deposited on a disk. A heating block 52 maintains uniformly the 
temperature of an evaporation plate and the diffusion plate 50. 
[0038] 

Do without understanding having been indicated based on the suitable example, and the component of a 
configuration or an array or detailed various variations of a process deviating from the pneuma and/or the 
range of this invention is understood. Moreover, having emphasized in this explanation was manufacturing 
the magnetic disk of a computer hard disk application. In fact, the front face is protected by replacing with 
the carbon coat used on magnetic media practical, and making a silicon nitride coat adhere in the case of 
manufacture of optical media. Such surface adhesion also actually has the same problem as the case of a 
magnetic disk. When the coat of the silicon nitride is carried out in a vacuum, it is reactivity at the degree of 
pole. If it takes out into atmospheric air, since the irregular adhesion by contamination will be predicted, 
according to the technique of this invention, the coat of such a front face is carried out in a vacuum by the 
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lubricating layer. Also in which event, it is considered as an intention that it is in the patent claim of 
attachment of a ****** variation to this contractor. 
[Brief Description of the Drawings] 
[ Drawing 1] 

Drawing 1 is drawing of longitudinal section of a typical magnetic disk, and when an adhesion layer is 
located to read-out/write head, it is shown. 
[Drawing 2] 

Drawin g 2 is the schematic diagram of the disk lubricant impregnation unit which attached lubricant in the 
disk coat equipment which can adhere after manufacture of a magnetic disk, and a disk is maintained in a 
vacuum through various thin film adhesion affirmation until after lubricating layer adhesion. 
[Drawing 3] 

Drawing 3 is the schematic drawing of the lubricating-treatment section of the disk coat equipment shown in 
drawing 2 . 
[Drawing 4] 

Drawing 4 shows the vacuum evaporationo station where it adheres to lubricant on the disk of the 
lubricating-treatment section of drawing 3 . 
[Drawing 5] 

DrawjngjS shows the diffusion plate which is used at a vacuum evaporationo station as shown in drawing 4 

and which has the pattern of a symmetrical hole. 

[Drawmg6] 

Drawing 6 shows other diffusion plates which have the pattern of an asymmetric hole. 
[Drawing 7] 

Drawing 7 is the side elevation of the evaporation plate used for a vacuum evaporationo station as shown in 

drawin g 4 . 

[DrawingjgJ 

Drawing 8 is the front view of the evaporation plate of drawing.7 . 
[Description of Notations] 

10 [ ... Magnetic layer 15 / ... Carbon layer 16 / ... Lubricating layer 17 / ... Head ] ... Magnetic disk 1 1 ... 
Base 12 ... Chromium layer 13 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DRAWINGS 




[Dra wi ng 2] 
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[Drawing 3] 
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[Drawing_7] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



4/19/2005 



THIS PAGE BLANK ^ 



JP,2002-523852,A [DRAWINGS] 



Page 6 of 6 




I 

[Translation done.] 



http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_cgLejje 



4/19/2005 



THIS PAfiP P« * M " " 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification $ 
G11B 5/66, 5/70, B05D 5/12 



Al 



(11) International Publication Number: 
(43) International Publication Date; 



WO 00/11667 

2 March 2000 (02.03.00) 



(21) International Application Number: PCT/US99/18079 

(22) International Filing Date: 10 August 1999 (10.08.99) 



(30) Priority Data: 

09/137,361 



20 August 1998 (20.08.98) 



US 



(71) Applicant: LNTEVAC. INC. [US/US]; 3550 Basset Street, 

Santa Clara, CA 95054-2704 (US). 

(72) Inventors: HUGHES, John, L.; 857 Coral Drive, Rodeo, CA 

94572 (US). DeKOVEN, Benjamin, M.; 1021 Shadow 
Brook Drive, San Jose, CA 95120 (US). LA VINE, Richard, 
£.; 654 Boise Court, Sunnyvale, CA 94087 (US). 

(74) Agent: COLE, Stanley, Z.; 26620 Saint Francis Road, Los 
Altos Hills, CA 94022 (US). 



(81) Designated States: JP, KP, SG, European patent (AT. BE. CH. 
CY. DE, DK, ES, FI, FR, GB, GR, IE, IT, LU. MC, NL, 
PT, SE). 



Published 

With international search report. 



(54) Title: HARD DISK VAPOR LUBE 

(57) Abstract 

Disclosed is a system for trans- 
porting disks in vacuum to a vacuum 
station whereat a lubricant film is ap- 
plied uniformly to the surfaces of the 
disks by evaporation. Thickness unifor- 
mity Is achieved by directing the evap- 
orate through a multi-hole (60) aperture 
plate (50). Described is equipment for 
manufacture, a new process of manufac- 
ture and the novel disks created. 




THIS PAGE BLANK (uspto) 



1 



<19)H*BftWt (JP) 



(12) 



(A) 



(43)&3<B 



^2002-523852 
(P2002 - 523852A) 
spf&lW 7 H 30 0 (2002. 7. 30) 



(51)IntCL 7 
G 1 1 B 5/84 
C10M 107/38 
C 2 3 C 14/06 
16/26 

G 1 1 B 7/24 



5 3 3 



SKEW* 



F I 

G 1 1 B 5/84 
CI OM 107/38 
C 2 3 C 14/06 
N 16/26 
G 1 1 B 7/24 



5 3 3K 

(± 30 m 



B 4H104 
4K0 2 9 
F 4K030 
5D029 
5D0 7 5 



(86) <22) urns 

(87) BHS^W## 

(32) «ifcH 

(33) «ftttHE3ga 

DE, DK, ES, 



*SK2000-566847( P2000-566847) 
JpJfclHF 8 H 10B (1999. 8. 10) 
2 H 13 B (2001. 2. 13) 
PCT/US 9 9/1 8 0 7 9 
WOO 0/11667 
¥lfcl2*F 3 M 2 B (2000. 3. 2) 
0 9/1 3 7, 3 6 1 
¥f£lO¥ 8 320B (1998.8. 20) 

*H (US) 

EP (AT. BE, CH. CY. 
FI, FR, GB. GR, IE, I 



T, 
G 



LU, MC, NL, PT, SE), J P, KP, S 



(71) miSA -i>*rrtvi? -4 >n-#P-f 5^2/ H 

INTEVAC INCORPORATE 
D 

77. A-fei/h-XhU-h 3560 

(72) 5MH# ha-^. 5?a>-X^ 

Dt^*i 3— 7)1" F 9^^857 
(72)3gg)» ^>^t5>-XA 

7* U *-&*H* U jTiW95120» 
■y-> • /if, isv K«> • r/Jky* - H5-f 
^1021 

(74)ftSA #s± «H«) 



(54) [«WCD=S#] A-K5^<X*5R&EiiltS»ttiiA 



(57) ism 

H^«n*. k^x^— ^3>Ttt> wmmhsv;**. 

gHfc-«lCS!l»dn-5. ^«©A6o**-rs«5o 




-1- 



(2) #g 2002-523852 

[it 4 ] mzmmmt)mi\MmT*& % , it ^ i <w&<> 



-2- 



(3) #g200 2-5 23852 

Bo 

[fi»IU 3] M^¥X\ 3dfirVx^c, T«&?S14»*»ffiiL, ^£>± 
SX;^>y^'J Mta^^-rV 7±Jc*-*v«»Jg«r{«$-ti:S 

l3IB««»±»i:»<-liia:«?|}»*# 
Bfc&El 6] /N-F^VX^lcjSffl-r^fcfe^m^-rVX^^oT 

sa^-x. *^T^«^nfct^a^^-x^®±^f i -x^7 i V7e 



-3- 



(4) 2002-523852 

m&m i 8 ] ummizmitmm<Dmfr e & « > ^ c 3 ©m^« i 6 ©f 



-4- 



(5) ¥f&2 0 0 2-5 2 3 8 5 2 

[000 1] 

"TsT-^Zfay (stiction) " *mMt?%rc&<DmWRTSJjmm?2> : t>(D 
[0 0 0 2] 

[0003] 

mm±Knm^ti^>o mmmK, ^200-1000 k(D-fmm^mwicnm 

U ff£ 1 0 0-6 0 0 A (DWffltM^: £ (D~fi#lM±.l£{tim L ^ C^tti 

<D±tCif </^M^#f^o CO^S/f <9ff2f Six HjSiWfc:, 5 0~ 1 5 0 A 

[0 0 0 4] 



-5- 



(6) #^2 00 2-5 2 38 5 2 

u f ^ ^tmmvtm tc & ^ t # . xvx^±^#±tri/^^x 

m§" ^Lt*l$U\ l ii 4 (2 5 OA) OT©HPB*^ gjfioDF 
[0 0 0 5] 

4>*&£\ *nv Kfc-r-fX^i:OBOWS6l«OJ««X« "Xf^^aV (sticti 
on) " ^-^^7*-rx^i«iiE*B^««t5i:t-s^t©**^r*efr-r, 

[0 0 0 6] 

^«BK±tct)feoTiimjW*^*a»j« (i o~i 5 A) *mm?z>o pmmic 
&mztizMmmmmj3&i)\ ^mmnms 23250 3mcm^n, tni* 

[0 0 0 7] 
[0 0 0 8] 



-6- 



(7) ft&2 0 0 2- 5 2 3 8 5 2 

[0 0 0 9] 
[0 0 10] 

i^c»< (i o~i 5A) , imic-m (2At^) -e&zcticbuz., m 
xztoimvBW&zfx'rj tisBy (stiction) tti&jt&T%z>mmte¥-m-e-& 

liM£%it>^\ £7c, j etl«> Mfg^l^ihb. -rVX^Olal^ (lOOOOr 

pm^ro tCct^^L^^tiiU ^n^Mfifaa£<giu ©fs^ormtfm^ 

[0 0 1 1 ] 
[0 0 12] 

^r^f X tRZfmmT^ X ^ KrV X ^ £ (SI-<D^)gT 
l*&<,^\ F^r-r^X^aSfc^m^l^cl^ic^^^ ^Ftr^f 



-7- 



(8) #^ 2002-523852 

[0 0 13] 

[0 0 14] 
[0 0 15] 

[0 0 16] 

ttmz&z ztK&io, rast£#-^ ymm^ommm^m-^^-^ ymm± 

[0 0 17] 



-8- 



(9) 2002-523852 

micm5 5 0-1 00 0^±©fVX^WI««i«f^X^ti: 
[0 0 18] 

[0 0 19] 

t>cD^*So rate. ianc^-r<fc^ic, ^u-aii s^ii i i±kbm 

0^©#j«fiS0»rais ^n-2jgl 2<Dm-$l*s ^3 0 0-5 00 a 
T*&&<> C<9<£? n>(fa-^(Cffll>§/N- Ff^X^ClWI 

„ u@»wfc:. ^2 5 o k~mi o o o a-v&Zo z.<om<D±.iaz, mzm2ok 
-mi 5 o Avmfrz&z*}— tfyffimmi 5*^^tM?ns„ z.<Dmici± 
. ^ga^cjy^^ji 5A«n 6fe^n. ccomi 6i3\ -HRtct±, ^js 

~$j2 0 A<0$BBlc&3o 
[00 20] 



-9- 



(10) 11*2 00 2-5 2 38 5 2 

£5&1§£\ ^Xfi,«mit^§t, -vyFii, — «S*c % xVX^l0<D 

^j2 5 4 A<DraRS*^tte>nso 

[0 0 2 1] 

afe^^o cOSHK^ TMDP 250B Magnetic Disk Coaterj £LTf&fc£ 

*u *s#fF^5 21542 o^^p^^n^^«^#jc{5(?— grr store* 

So il^^^ycDWfJ:, Seagate, HMT^^^^mW^gE^f'^X^^it 
[0 0 2 2] 

XttT«WH&tfattte*frf» , rSfel6©"r-r X**flgS'X-r A*e&3o CWi, 

^H#fF^5 21542 o^cmffizn%&5&mwmmxim-<Dmmicm^ 

r— iya>3 O^WTS^VX^JStyX-ri^ 1 tej^Tfc:&9> 
[0 0 2 3] 



-10- 



(11) #1200 2-5 2 38 52 

[0 0 2 4] 

F 2 S^ffiCTgHfcffiASftSo 3Mc* At-yKt n-Fn>y^26i: 
<y^2 3T'li, MXaf^X^lffili, *H#fr!g5 2 1 5 4 2 O^CfBfc^ 
-FJcT3£n& 0 U^F^W-Fte:. f-fX^^ ±gg|5^35:-r^^^^2 1 

> #S^^H#im^0 9/0 7 6 9 7 1^ (Bluck6) (1 9 9 8^5/1 
1 3 0ttSJ§g) icfaiE^ft&.fc'Mc. CVD (chemical vapor deposition) j££r 

3lc&3#^y F<9£^T^£&ffi&C7^X^£:Btro Fft<D-r^ 

x**^ <i(D^H^^T i Vx^}®m^jaAgp^»/'r?>o MNcr^n-Fy 

CO 0 2 5] 

F3 3^iIigU fiMn^y 3 S'nAD, ^<9m, il^-b 3 6^Ii;t*S 
jHm3iJ&A£^-* 3 7 ft'NA&o X U "7 Y7~\s— F 3 4 T**-b 

m*taA^-^^^fc^S|p|— <D*-by FrtfcM^n, 7>n— Fy— F3 8£ 

7>o-ko7^ 4 o^^MjgLfcmtc, mn4 1 *mvrmwn^WM~ztiz> 



-11- 



(12) HI200 2-523852 

[0 0 2 6] 
[0 0 2 7] 

^-K^^n&tf^ f^fX^i^ ?Sm#JI£#Xir-v'3>'3 9^«j£ 
tl&o C<0X^~>3^13\ ^^VX^$t?<fc5lCfti^oT^3 2#tO 
*gfg*S4 8*r#C? 0 &Hf§*£4 8fi. ^*^n^-<#?Pim^S^/&46^, 

7 7 0^wn o Mrtss o^Bfg^4 8tf^x^ 1 0 tcDmic&mznzo 



-12- 



(13) #82002-5 2 3852 

[0 0 2 8] 

tlit, TkHM^ff (Q CM) (quartz crystal microbalance) (f&fcftfl?^ 

fm^ms) -emmtEti. *^Tii> M&*p<Dmffifflttmmm* : e~z-~tz 
w<Di&m*M&'v&2>t>\ *s4»<o»» (o. i a /so <Dffimmm<D$m 

*f*s ^ffl!J^e>#«^tr«>JTSCi:^T^«o #QCM©&q§jai6»fcJ\ zk 
[0 0 2 9] 

> #1J?L&\ §aUBrtc«feO^ ^fH4»s ^fcU c*ifci\ ilST, H*H«K ®i#£'Jtt«}S 

-f X *StS £ ©IS<oaffiR« (^rc-fr-f ) *m C 3 C £ ic <fc o T#±T^ So 
[0 0 3 0] 

*ffi±?%£^5m&tf&&o zo)Wre>, i 2—2 5 fi gcDMr-mtrznmm 



-13- 



(14) #^200 2-5 2 38 5 2 

[0 0 3 1] 

«gt^fl!2*i&jSmSiJl2\ ^;V7;Wo^'Jx-f;l/ (PFPE 

) -e&5o CCO^^^TOW^^b^ia^^s *H#fFlg5 7 7 6 5 7 7§IC 

x ^ffliim^j^ bTtaig^n?. feto-efe^o £ ©ratfrosft&ai©^** 

[0 0 3 2] 

x— r^^iHifg'J^bT. Fomblin Z-fluids (MM) (Monted i son*±) > Demnum 
(MM) (Daikintt) . Krytox mM) (Dupont*±) ©«fc5£^*a*f!!Jrefr 

§ c lamwjcfjfflnr^PFPEiHms'jti. ^tBH^«jBE^Rt>^?*^wr 

[0 0 3 3] 

^m^mmicl^ Z-DOL 200(K<;l/:7/l/;a-n#Ux— W&IBKDtfSEre 
^J:t)^<"T^o Phasex Corporation*^ ~Mtmm%&mLTFonb\ inttm<0 

icifflvmvz&Ss etui. ±&Lrc&5K, QCM*&mhxw&7 4-\ t 

;^y>rte&t)ffimx%%o Z-DOLiim^J^ #58 x 1 0-4Torr<nmffimM%LJ£X 

N sot-ioot (+o. 2 5Vte%m~£nz>) <Dm?>m<Di&mfcffl'm-$nx 
, y'jxzi.icttmztiZo cftfciu yif-^-^e^-rstx z-dol<dm 

3SJS«. fi3»Wrtk:ttl 5 A©«tt»lT?fctK -«&iHntBI (±2 A) im% 

»iHfflt, i o o oftjx±^x^x^«§i-e#&o 



-14- 



(15) 1#«2 00 2-5 2 3 8 5 2 

[00 3 4] 

t>*>, Z-25«3 0 0°CU AM3001ti 1 7 OX,, X-1P*i 1 5 0°C, AM2001 it 1 0 0°C 

, ^^sjPiw^Tfe^o fl&cwiwwa^ amsiji^v^feo 5~i oo+o* 

[0 0 3 5] 

2 fflo^ttSo 0 5 ic^-r^iij(D^ 6 o t ftmvK 6 i tmmc 
6 2-r^^ti^o 

[0036] 

ifttf};?7Xl£#fc:ffl^3 TRev. Sci. Instrum. 66, p. 3016 (1995) J (D. KuhlR 
tfR. Tobin) <DlHK«nS t><0»cS^< «,<0T?*S o «RB^»J^*^ffl 



-15- 



(16) #8200 2-52 3852 

So 

[0 0 3 7] 

^Tif^nttxt^o mmsnz^mmmiz, M^v^mmK. mnfc 
famiz, 2 o~3ob^ immure*) i o o o^y-^x^^m-r^coK 

[0 0 3 8] 

letter mikmmffimttttmzitz c tic -tot^M^itSo hhbc 



-16- 



(17) M2O02-52 38 52 

[01] 

[02] 
[03] 

0 3 02 tc^-r^v x ^wt^B^M®3^B&0-e&£ o 

[04] 

[05] 

[06] 
[07] 

[08] 

08 li, 0 7 ©3&$K©IElBBIT?**o 

1 0 • • -i&M-rVX^ 
1 1 • • X 
1 2 • • • ^D-AI 

i 3 • • • mnm 

1 5 • • • 



-17- 



(18) 



002-523852 



1 6 * * * 

17" '^H 



[01] 





-19- 




-20- 



(21) 



2002-5238 



[0 4] 



60 

\ 



58 




39 



-21- 



(22) 



&m 2002-523852 



[05] 



I 

i 




i 

I 



[06] 



(23) 



1tS 2 0 0 2 - 5 2 3 8 5 2 



[07] 




(24) 



mm2 002-523852 



[08] 




I 



-24- 



(25) #^200 2-52 38 5 2 

CUtHB] TO 1 3^5^300 (2 00 1. 5. 30) 

i^mmjE i ] 

^-x-effi.mmzmm-zft2>. urn, 
ssaaafeKftv tuiexg (a) ^easgaxs (d) ictDfc-DrM^mm^imn 

o 

3<Dff^3<0#& o 

DBMS* 6 3 C VDK&^TttmZtlZ. ££Z<Dm>£ 

-25- 



(26) #8200 2-5 2 3852 

pggj?- -v >v <fc £ o TjUfr^— X TMBlM^Ms^il % , MM? ± y> % 

ttmmmwm^ y± hxmmmm^^y^mizrm^mmmicmm 

-r—>3>T\ -r^X^3r. M-yh^e, 

mw<> 



-26- 



(27) 2002-523852 

cm i 8 ] ^MSJiM^a^^s ^ e # £ x ^>(om^m i 6 <d 



-27- 



(28) #^2002-523852 

[it 19] fvx^ ±^(DmmwMiimmmt)\ -%.imw •$ n> 



-28- 



(29) 



#^2 002-523852 



INTERNATIONAL SEARCH REPORT 



Jotoroettonal opplicaikm No. 
PCT/US99/J M79 



A. CLASSIFICATION OF SUBJECT MATTER 
iPC<6) JPC(4): OI1B *B6, 3/TO; B03D 5/12 
US CL J 4aa/694T. 694TS.694TP, 694TP. 694TC. 427/128. 139. 130 

A oc ceding to UrUxnatkmal Fatal CUsii&calioa (IPC) or to both national cfotiificttion and IPC 



FIELDS SEARCHED 



Mia mum doxaineatxtion aoarched (cia*M*fic«iki» lyutcm followed by ctawiflcaUon symbols) 
U.S. : 43W534T. 634TS.634TP. 694TF. 694TC: 427/12B. I2S. 130 



Docoacatatkm «mohcd odtcrtiraa qinunun docameaudoi cd the extent thai such documents are included in the field i saarehod 
NONE 



Hocooota data bue dqqsuIomI dutrtag t»© interaatitnal scacck (name of data base and, wberc practicable, totcb term* a*od) 
NONE 



DOCUMENT* CONSIDERED TO BB RELEVANT 



Category* 



Cleat) Qa of doa u an X with tarficttkxa. where appropriate, of the relevant p aaaa y 



ReUvont Co olairn No. 



US 4,920,919 A <T. MAT5UDA1RA> ct al) 01 May 1990, 
Abstract; Figures; column 3, lines 20-68; column 4, lines 1-12. 

US 4,882,197 A (J. MATSUDA1RA, et al) 21 November 1989, 
Abstract; Figures; column 3, lines 35-68; column 4, lines 1-25. 



1-20 



1-20 



□ 



doounttsU am listed in tho wootujaatioc of Boa C |T_j See patent frailly a 




doMMMavaktidud pxia*« Ik -fa 
parity *tocfa«».« 



*oaMmi to i»v*h, m t»»«nxtp<* *tc> i 
w*W wJ* on* « am oOmt mA dtwa 
W4tt«»noustaapn«o«tkUk< m Am art 



Date of U» « 

12 NOVEMBER 1999 



I of Ifao iolaniatf octal « 



Dele of mailing of the international search report 



08 DEC 1999 



Nemo and mailing address of (he ISA/US 
Coranactongr of Tatcnts and Tradtrearfc* 
BokPCT 

Wuhingtax, D.C 20131 
facrimilo No. (703) 305-3230 



Aujjprizcd officer 
ff LESZEK K1UMAN 
telephone No, (703) 30*46*1 



Fofttj PCT/1&AAI0 



aaaotX/ury 1992)* 



-29- 



#^ 2002-523852 



(51) Int. CI. 7 
G 1 1 B 



7/24 
7/26 
11/105 



5 3 4 
5 3 1 
5 3 1 



F I 
G 1 1 B 



7/24 
7/26 
11/105 



5 3 4M 5 D 1 1 2 
5 3 1 5 D 1 2 1 



5 3 1 D 
5 3 1 M 
5 4 6 F 



5 4 6 



// C 1 0 N 



40:18 
50:04 



C 1 ON 



40:18 
50:04 



T* U *-&«H*U 7^;l/-Tffl94087, 
;K • b654 

F 4H104 CD04 PA16 QA09 



4K029 AA02 AA24 BA34 BD11 CA05 
4K030 BA27 CA02 CA12 LA20 
50029 LA12 LC21 

5D075 EE03 FG04 FG10 GG02 GG12 
GG16 

50112 AA07 AA24 BCOO CCOO FA02 

GAOO 
5D121 AA03 EE02 



-30- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK m™ 



